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ABSTRACT OF THESIS 
UTERINE ARTERY RUPTURE AS AN ANGIOPATHY OF THE REPRODUCTIVE 
SYSTEM OF THE MARE, OCCURRENCE AND POTENTIAL EFFECTS 
 
The intent of this research was to identify if the degenerative changes within arteries in the 
endometrium (endometrial angiopathies) correlate with degenerative changes in the uterine 
arteries and can be used as a predictor of increased risk for uterine artery rupture (UAR). 
With this objective specimens from 20 mares that died from uterine artery rupture and 21 
control mares that died from unrelated causes  were obtained from cases submitted to the 
University of Kentucky Veterinary Diagnostic Laboratory (UKVDL) over a two-year 
period. Postmortem specimens of each mare were collected from the left and right uterine 
arteries at the origin, bifurcation, and distal to the bifurcation as well as full thickness 
uterine wall sections at five different sites. An additional sample was taken from the uterine 
artery at the site of rupture in the affected mares. Tissue samples were immersed in 10% 
neutral buffered formalin, routinely processed, and stained with hematoxylin and eosin, 
Masson’s Trichrome, and Verhoeff´s Van Gieson histochemical stains as well as a smooth 
muscle-actin immunohistochemical marker. Elastosis, fibrosis, and vascular smooth 
muscle cell degeneration were identified in this study as potential contributors of vascular 
degeneration and a scoring system was developed to differentiate the degrees of severity 
of these specific degenerative changes within the intima and media of the vascular wall. 
Based on the scoring system, sections of uterine arteries and endometrial arterioles were 
blindly examined and the scored changes recorded for statistical analysis. Although the 
degenerative changes in endometrial and uterine arteries were similar within each group, 
the results could not not be used to predict an increased risk for UAR. Furthermore, we 
determined the major changes in vascular pathology of the affected uterine arteries and 
show there is a significant difference in degenerative changes between specific layers of 
the vascular wall.  
 
 
 
Key words: Uterine artery rupture, angiopathies, endometrial arteries, vascular 
degenerative changes.  
Gabriela Toro  
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Chapter I 
Literature review 
 
1.1.  Arteries 
1.1.1. Normal arterial structure and hemodynamic overview 
In order to control the homeostatic state, the organism must maintain a proper and 
efficient blood transport system to nurture cells and tissues and to remove the undesirable 
elements from them. In higher vertebrates the blood is transported and distributed by a 
cyclic, closed, and highly pressurized circulatory system which allows a unidirectional and 
regular tissue perfusion. The components of the system in charge of transporting blood 
vital substances to the tissues are the arteries and arterioles and the perfusion is 
accomplished by the capillaries. The collection of cellular waste and deoxygenized blood 
is carried by venules and veins (Greenwald, 2007).  
 
Arteries are very diverse in size and structure, and their diameters diminish as they 
branch distal to the heart ultimately supplying the capillaries. They are divided into three 
types: large or conductive, medium or muscular, and small muscular or arterioles. The large 
or conductive are collectively called elastic arteries because of their high content of elastic 
fibers; they conduct the bulk of the blood to the distribution regions. The medium-sized 
are distributing arteries that allocate blood to areas where tissue perfusion is needed. 
Arterioles are small muscular arteries of less than 2mm in diameter; are found within the 
substance of tissues and organs and are the principal points of physiological resistance to 
blood flow (Faury, 2001; Greenwald, 2007; Martinez-Lemus et al., 2009). 
 
Just as the diameter diminishes, the complexity of the arterial structure simplifies 
as the size of the vessel gets smaller. The arterial anatomy varies along the arterial system 
due to local adaptations to mechanical or metabolic needs. Regardless of the size and 
functionality, three layers can be identified: tunica intima, tunica media, and tunica 
adventitia (Figure 1.1.1). The tunica intima is composed of a single cell layer of endothelial 
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cells supported by a thin zone of connective tissue which is surrounded by a smoothly 
packed internal elastic lamina (IEL). The endothelial cells are important physiologic and 
anatomic components of the arterial wall. They play an important role in maintaining vessel 
wall homeostasis as part of the modulation of blood flow, vascular resistance, metabolism 
of hormones, regulation of immune inflammatory reactions, vasoconstriction and 
vasodilation, and extra cellular matrix (ECM) protein production.   
 
Figure 1.1.1 Arterial wall layers. H&E.  Cross section of muscular artery, horse.  
 
 
©Gabriela Toro 
 
The tunica media is the thickest layer of the vessel wall and is composed of 
concentric layers of vascular smooth muscle cells (VSMC) supported by a complex 
extracellular matrix. The main components of the ECM are elastic fibers, collagen, elastin, 
fibrillin, glycosaminoglycans, and integrins (Clark and Glagov, 1985; Kamiya and Daigo, 
1988). As the vessels become more distant from the heart, the presence of elastic fibers 
diminishes and smooth muscle predominates. A distinct external elastic membrane is 
occasionally observed lining and dividing the media from the adventitia. The tunica 
adventitia is composed of collagen and elastic fibers that form a continuous network with 
the surrounding connective tissue. An important feature of this layer is the vasa vasorum 
which are “vessels for the vessel”, providing the blood supply for the adventitial layer and 
Lum
Tunica media  
Tunic
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for the outer part of the tunica media (Jones et al., 1997; Majno and Jorris, 2004; McGavin 
and Zachary, 2006; Thomson, 1988).  
The pressure needed to maintain the blood movement to and from tissues originates 
at the heart.  The ventricles pump a surge of blood in every systole resulting in a sudden 
stretch of the arterial walls. The elastic components of the arteries allow the enlargement 
of the vessel and the storage of stretching energy while accommodating the high 
intraluminal volume. The stiffer and low resilient quality of the circumferentially oriented 
collagen fibers limits the stretch capacity of the elastic fibers and maintains the pressure 
within the vessel allowing all the energy, stored in the elastic components of the wall, to 
be released as contractile force to propel the blood toward the tissues (Faury, 2001; 
Martinez-Lemus et al., 2009; Selvin et al., 2010). 
 
Therefore, conductive elastic arteries ensure blood flow by alternate wall expansion 
during systole and recoil in diastole in each cardiac cycle (Glagov, 1994). In muscular 
arteries and arterioles the regional blood flow and blood pressure are regulated locally by 
changes in lumen size and contraction and relaxation of VSMC. The arterial wall 
accommodates to the changing needs of tissue perfusion by adapting or remodeling to 
maintain stability with respect to flow and tensile stress. Variations in flow are closely 
related to wall shear stress. An increase in shear stress induces an increase in the radius of 
the vessel until the shear stress can be restored to the baseline.  
 
The increase on the radius induces modifications in wall thickness, structure, and 
composition; conversely, a decrease in shear stress generates a reduction of the radius with 
the consequent readjustment of the arterial wall composition (Glagov, 1994; Martinez-
Lemus et al., 2009). This readjustment of wall components is limited not only to individual 
cells but also to their interaction with the ECM, and such interaction are the key factor in 
the generation of changes in arterial wall, some of which can become pathologic (Eble and 
Niland, 2009).  
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1.1.2. Collagen and elastin as extracellular matrix components 
 
The ECM is composed of three groups of macromolecules: fibrous structural 
proteins such as collagen and elastin, adhesive glycoproteins such as fibronectin, and 
resilience-lubrication macroproteins such as proteoglycans and hyaluronan. The integrity 
and composition of the ECM participate in various aspects of growth, proliferation, 
movement, differentiation, adhesion, and communication between the structural cellular 
components of the arterial wall.  
 
1.1.2.1. Collagen 
Collagen is the most abundant non-branching fibrous structural protein in the ECM 
and provides support, rigidity, and strength to the tissues. It accounts for almost a third of 
mammalian body proteins and because of the variability of the tissues in which collagen is 
present numerous collagen types have been described. Collagen type I can be found in hard 
and firm tissues such as bone, tendon, and organ capsules. Type II is abundant in hyaline 
and elastic cartilage. Type III is the main component of hollow organs smooth muscle, 
uterus, liver, spleen and soft tissues and also is the supporting system for the distensible 
tissues such as arterial walls, pulmonary septa, and other tissues. Type IV is the key laminar 
component of basement membranes. Types V through XVIII are distributed ubiquitous in 
microfibrils in many different organs and tissues (Hafez et al., 2007).  
The broad distribution of collagen and its versatile nature for filling intercellular 
spaces make the synthesis of the protein complex not only for the variability of its 
assembling but also for its variability in size. So then, the process of forming collagen 
fibers has intra and extracellular phases and is controlled by multiple mesenchymal cells 
specially fibroblasts and also by smooth muscle cells. In addition, epithelial and endothelial 
cells are capable of synthesizing their own basement membranes from superposed 
scaffolding structures of non-fibrillar collagen(Majno and Jorris, 2004). The intracellular 
phase is characterized by the synthesis and assembling of procollagen peptidases as mixed 
helical and non-helical structures that are discharged extracellularly. The procollagen 
structures transform to tropocollagen trimers by losing the non-helical part and later 
aggregating with other tropocollagen trimers to form polymeric fibrils. The last step is the 
 
5 
 
spontaneous aggregation of fibrils to form strong collagen fibers. The entire process 
requires several mediators, hydrophobic interactions, and enzymatic reactions. Therefore, 
the degree of assembling errors is high especially in tissues where remodeling is frequent. 
This is the case of the arteries where cyclic variations in intraluminal volume and pressure 
stimulate a repeated structural reorganization of the ECM. There is often a high rate of 
synthesis and accumulation of abnormal collagen that can result in pathologic changes in 
the wall know broadly as fibrosis. Moreover, since collagen provides tensile strength to 
arterial tissues, defects in collagen can cause vessel weakening leading to rupture  (Majno 
and Jorris, 2004; Sisson and Grossman, 1953) 
 
1.1.2.2. Elastin 
Elastin is the second fibrous structural component of the ECM. It is a rubber-like 
protein which has a reversible extensibility, extreme durability, and hydrophobicity which 
differentiates it from other connective tissue proteins. The amount of elastin present 
depends on the physical demand and strength of the tissue and it is important in structures 
that undergo repetitive deformation (Goldfischer et al., 1983; Katsuda et al., 1990). The 
protein is abundant in blood vessels, alveolar interstitium, and deep dermal layers as the 
major component of elastic fibers together with fewer amounts of microfibrilliar proteins, 
lysil oxidase, and possibly other molecules (Bucca, 2006). Elastin is assembled 
extracellularly by crosslinking of individual tropoelastin molecules synthesized by various 
mesodermal cell types and surrounded by multiple supporting sheets formed by 
microfibrils composed of haphazardly arranged complexes of glycoproteins. Within 
arteries the tropoelastin of the medial layer is mainly synthesized by SMCs and the internal 
and external elastic laminas by endothelial cells and fibroblasts respectively. In mammalian 
tissue tropoelastin synthesis and elastin deposition, or elastogenesis, is maximal in fetal 
and neonatal periods and by maturity drops significantly to very low levels and it is only 
elevated in response to injury or disease (Robert et al., 1984). The only notable exception 
for the elastogenesis pattern is physiological increased of elastin production in the uterus 
during pregnancy. Heat, swelling, and redness, as responses to harmful stimuli produce 
reactions from smooth muscle cells, fibroblasts, and some inflammatory cells that release 
proteins with elastase activity and generate remodeling, degradation, and down regulation 
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of elastin mainly associated with the inflammatory process and vascular wall remodeling  
(Faury, 2001; Majno and Jorris, 2004; Parks et al., 1993). 
 
1.1.3. Vascular smooth muscle cells  
In the media of a single vascular wall there are up to 4 different populations of SMC 
that may represent unique lineages and have different functions within the vessel and 
respond differently to pathophysiological stimuli. (Frid et al., 1994; Gerthoffer, 2007) 
Vascular smooth muscle cells are widely known for being main component of the 
medial layer of the vascular wall that in mature animals are highly specialized cells mainly 
in charge of blood vessel tone-diameter, blood pressure, and blood flow distribution. Even 
though SMC are highly specialized the cells are capable of great plasticity with a wide 
range of phenotypes that can be exhibited under different physiological and pathological 
circumstances (Albinsson et al., 2004; Carmeliet and Jain, 2000). This characteristic is 
called phenotypical switch or modulation and is described as alterations in functional and 
structural properties in response to changing environmental cues including profound and 
subtle changes in gene expression, pattern, signaling mechanisms, contractility, and 
others.(Mouw et al., 2014; Owens et al., 2004)  
Normal tissue growth requires permanent vascular development and remodeling 
which is a regulated process of slow subtle changes that can be markedly altered by tissue 
remodeling in cases of injury and disease (Bonnans et al., 2014). SMCs environmental cues 
are different depending on the insult and the degree of intensity of such insult. Even in a 
specific pathologic process, such as atherosclerosis, the changes in the cells differ 
depending on the stage of the lesion. Specific proteins such as platelet derived growth 
factor (PDGF), transforming growth factor beta (TGFβ), and matrix metalloproteinases 
(MMPs) that activate the SMC´s switching in specific stages of lesion formation (Dallon 
and Ehrlich, 2010; Owens et al., 2004).  
Due to this extraordinary plasticity characteristic, VSMC are considered as 
mesenchymal cells that can differentiate into different types of cells including fibroblasts, 
osteoblasts, myoblasts, endothelial cells, and under specific circumstances into a migratory 
type of SMC. This distinctive characteristic gives this type of cell tremendous importance 
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in the development of neoplasms and is one of the reasons why it is currently a subject of 
intense investigation. (Hay, 1991; Hynes, 2014; Parks et al., 1993; Ricard-Blum, 2011) 
 
1.2. Uterus of the mare  
1.2.1. Uterine anatomy and vascularization 
The uterus of the mare is composed of three layers: endometrium, myometrium, 
and the serosa or perimetrium. The endometrium of the mare is made up of two layers the 
luminal epithelium, which is lined by simple cuboidal or columnar epithelium, and the 
lamina propria. The lamina propria consists of stratum compactum and stratum 
spongiosum. The stratum compactum is beneath the mucosa as a layer of dense connective 
tissue with multiple ducts of endometrial glands which open into the lumen. The stratum 
spongiosum is a smooth and less compact layer rich in small blood and lymphatic vessels 
and containing numerous tortuous glandular structures. The myometrium consists of 2 
muscular layers, a thick inner circular and a thin outer longitudinal layer. Both are separated 
by a prominent vascular stratum. The perimetrium is the outermost layer composed mainly 
of loose connective tissue. (Bacha and Bacha, 2012; Kenney, 1978a; Kenney and Doig, 
1986).  
 
Some tissue components of the uterus are constantly changing morphology to adapt 
to the physiological demands of the reproductive cycle. The mucosa, composed of simple 
cuboidal epithelium in anestrus, changes into columnar epithelium in estrus. The glands 
become active and increase in size during estrus compared with the other stages of the 
cycle. The vessels also respond to variations in the reproductive cycle and adjust the blood 
flow and perfusion in response to hormonal levels, inflammation, pregnancy, and puerperal 
phases. Blood vessels readjust constantly to ensure proper nutrient supply in embryo 
implantation and fetal development. (Kenney, 1978b)   
 
Variably sized arteries, veins, and capillaries carry blood to and from the uterus 
forming an extensive and complex network of vessels throughout the uterine wall. The 
arterial network originates in the abdominal aorta which directly or indirectly gives rise to 
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ovarian, internal iliac, uterine, and vaginal arteries. The uterine artery perfuses the anterior 
part of the uterus and predominantly the horns. (Figure 2.1) It most commonly originates 
from the external iliac artery; however, it can originate variably from the deep circumflex 
iliac, directly from the abdominal aorta between the internal and external iliac, or from the 
internal iliac (Sisson and Grossman, 1953).  Regardless of the origin, the uterine artery 
bifurcates to form cranial and caudal branches to supply the tip and base of the uterine 
horns and continues to branch out and form multiple tortuous anastomoses which allow 
vascular stretching during pregnancy when the uterus and specially the horns greatly 
increase in size (Hafez et al., 2007). 
 
 
Figure 1.2.1.1. Ventral view of methyl salicylate-cleared uterus from a pregnant doe 
showing the branching pattern of right and left uterine arteries (RUA, LUA) 
 
 
 
Source: (Hafez et al., 2007) 
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1.2.2. Endometrial biopsy  
One important component of fertility in the mare is a normal uterus and particularly 
a normal endometrium. Assessment of the health status of a mare´s uterus by endometrial 
biopsy and histopathology has been a standard procedure in equine reproduction (Shlafer, 
2007). Changes that markedly affect fertility can go undetected under regular clinical and 
physical examinations and can be revealed by a histologic endometrial examination 
(Kenney, 1978b).  
During the early 1960’s there was an increased interest in understanding structural 
and physiological differences of equine uterus in health and in disease. Over the years, the 
endometrial biopsy procedure has been adopted as a standard technique for assessing the 
uterine health status of a mare and the ability to carrying a foal to term. (Shlafer, 2007; 
Snider et al., 2011). The procedure involves the collection, processing, microscopic 
examination, and interpretation of endometrial tissue obtained trans-cervically by means 
of special instrumentation (Kenney, 1978a).  
The significance of the endometrial biopsy has been greatly increased over the 
years with the incorporation of grading systems that allow a predictor rate of fertility based 
on the histopathologic features of the endometrial samples. The biopsy should never be 
used alone but in conjunction with others techniques. To maximize the usefulness of the 
sample it is essential to ascertain that the size, shape, and texture of the uterus and 
endometrial folds are uniform throughout with no focal abnormalities. The prognostic 
value of the biopsy can be expected to increase when it is used on a large number of mares 
bred under uniform management conditions (Waelchli, 1990). 
 
Regularly specimens are evaluated using the grading system proposed by  Kenney 
and Doig in 1986 (Kenney and Doig, 1986) where the aim of the evaluation is to predict a 
possible foaling rate outcome based on endometrial pathologic changes scored on the 
biopsy samples. The scoring system divides the changes into categories with the 
corresponding expected percentage of foaling (Table 2.1).   
 
 
 
 
10 
 
Table 1.2.2.1. Expected Foaling Rates of Mares According to Categorization of 
Endometrium 
 
Category Degree of endometrial 
change 
Expected foaling rate 
(Per Cent) 
I Absent 80-90 
IIA Mild 50-80 
IIB Moderate 10-50 
III Severe 10 
                           
Source: Kenney et al. (Kenney and Doig, 1986) 
 
 
 
A study on endometrial biopsies obtained from 700 infertile mares over a three year 
period demonstrated that endometrial fibrosis was found in 88% of the mares with changes 
varying from moderate to severe. The age of the mares and the average number of years 
barren gradually increased with the severity of the endometrial fibrosis as did the incidence 
of fetal loss (Doig et al., 1981).   
 
The biopsy specimen usually consists of endometrial folds with rare inclusion of a 
portion of myometrium (Kenney, 1978b). This diagnostic technique evaluates the integrity 
of most endometrial structures, however, the integrity of vessels and vessel walls have not 
been fully studied or described.  In the study of Kenney in 1978  there is a small reference 
to blood vessels where sclerotic changes are described as an eosinophilic, acellular, hyaline 
material affecting the tunica media of small muscular arteries (Kenney, 1978b). 
There is ambiguity on how chronic fibrous changes in the uterine stroma relate to 
pathologic changes in the vascular walls of uterine vessels. A study on the effects of 
pathologic vascular changes on fertility and foaling is needed in addition to how age, 
pregnancy, and parity can produce or predispose to such changes. 
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1.3. Angiopathies 
Blood vessels undergo progressive and gradual non pathologic changes in structure, 
throughout life. These changes are induced by physiological conditions such as pregnancy, 
ageing, and exercise or after vascular injury (Martinez-Lemus et al., 2009). 
 
The degree of structural alterations in any of the layers of the vascular wall as well 
as variations in the balance of their components can lead to pathologic changes such as 
thickening of the media, splitting and fragmentation of the IEL, and abnormal presentation 
and distribution of VSMCs (Albinsson et al., 2004). The wall thickening, for example, is a 
healing response to chronic or acute stimuli and results in the cumulative deposition of 
ECM and in the proliferative migration of medial VSMCs and fibrous tissue from the 
media into the intima of the vessel (Masuda et al., 1999). The healing response causes a 
severe drop of the contractile capacity in the muscle cells and at the same time generates 
an increase of their dividing capacity. The chronicity of the changes are related with the 
degree of reactive-adaptive response of the wall and the duration of the stimulus(Glagov, 
1994). The chronic degenerative and proliferative response in the arterial wall results in 
loss of elasticity and luminal narrowing leading to local or systemic failure in blood 
perfusion.  
Angiopathy is defined as disease affecting a blood vessel in various degrees, at 
various levels, and presenting different features. Such pathologies affecting arterial 
structure and elasticity have been broadly described in humans and have been divided into 
three different forms. Atherosclerosis is the most important vascular disease in humans 
affecting muscular and elastic arteries. The main lesion begins with an endothelial lesion 
and progressive lipid and fibrous tissue accumulation as an amorphous projecting plaque 
called atheroma, which eventually results in narrowing of the vessel lumen with potentially 
lethal consequences (Glagov, 1994; Maxie and Jubb, 2007; McGavin and Zachary, 2006). 
Medial calcification or medial calcific sclerosis is a pathologic processes characterized by 
calcified mineral deposits in the media of muscular arteries. The third form, 
arteriolosclerosis affects arterioles and small arteries by narrowing the lumen and 
thickening the vessel wall. This angiopathy is subdivided into hyaline arteriolosclerosis, or 
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accumulation of hyaline substance in the media with loss of structure, and hyperplastic 
arteriolosclerosis, which is a hyperplastic thickening of the media with acute necrosis of 
the vessel wall (Figure 3.2) (Jones et al., 1997; Maxie and Jubb, 2007; Thomson, 1988).  
Figure 1.3.1.  A. medial calcification, aorta, cow B. Fibrinoid necrosis, myocardial 
arteriole, heart, pig 
  
Pathologic changes in the vascular walls are considered to exert a substantial 
influence on endometrial pathology and these changes, mainly fibrosis, are believed to 
result in reproductive breakdown and infertility due to the failure of perfusion (Gruninger 
et al., 1998; Hoffmann et al., 2009; Oikawa et al., 1993) 
 
1.3.1. Uterine angiopathies of the mare 
Infertility has been associated with a deficit in myometrial contractility related to a 
failure of blood perfusion. Such failure has been linked to pathologic changes in the arterial 
wall associated with number of foals, pregnancies, and endometrial integrity (Esteller-Vico 
et al., 2012).  The vascular elastosis found in endometrial samples from aged mares with 
history of repeated pregnancy failure could be attributable to age and abnormal metabolism 
of the extracellular matrix of the arterial wall (Oikawa et al., 1993). 
Sclerotic changes in the vessels are considered to develop as a reinforcement of the 
vessel wall to compensate for its decreased resistance to mechanical stress due to age-
related development of medial atrophy (Gruninger et al., 1998). These sclerotic changes 
can result from the multiplication of the layers of the internal elastic lamina due to atrophy 
and decreased number of SMC in the media of the wall (Nambo et al., 1995).  
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An association between infertility, age, parity, and pathologic vascular changes has 
been established. The exact mechanisms of how these factors interact or predispose each 
other have not been entirely understood. Still angiosis and sclerosis are factors that 
correlate with degenerative vascular changes in multiparous mares and point to ageing 
processes and short foaling intervals as additional pathogenic factors (Gruninger et al., 
1998). 
Chronic degenerative endometrial disease (CDE) occurs as a progressive disorder 
that has been associated with ageing, repeated pregnancy, and parturition. Physiological 
pregnancy sclerosis or post-partum involutional sclerosis are terms used to describe 
changes in the arteries of the uterine wall affected by elastosis or fibrosis. Special attention 
has been brought to the fact that there are only few detailed reports on changes in the 
vessels of the uterine wall (Oikawa et al., 1993; Ricketts and Alonso, 1991). 
 A detailed histopathologic study on 351 uterine biopsies was performed in 1995 to 
review the influence of age, number of foals, and the period between last parturition and 
biopsy on the development of pathologic vascular changes. The aim of the research was to 
determine if the vascular changes have a relevant prognosis in infertility to be added as a 
modification of the Kenney and Doig categorizing system. The results implied a significant 
relationship between the severity of degenerative vascular changes and the number of foals 
delivered per mare independent of age. However, a relationship between severe 
degenerative vascular changes and low fertility rates could not be identified. The term 
gestation sclerosis was proposed for fibro-elastic changes of arteries, arterioles, and veins. 
Additionally; sclerosis of myometrial vessels, which cannot be detected by normal 
endometrial biopsy, was highlighted as a possibly cause of infertility in mares due to 
circulatory disturbances of the uterus (Hedda et al., 1996).   
Histopathologic findings in endometrial arteries and Doppler sonography 
measurements of uterine blood flow have been combined and confirm an increase in the  
degree of endometrial angiosis accompanied by an elevated vascular resistance and 
therefore reduced uterine perfusion (Ludwig et al., 2002). In 2012 a study performed in 
uterine vessels from endometrium and myometrium showed higher incidence of intimal 
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and perivascular elastosis in multiparous mares than in nulliparous mares without age 
association (Esteller-Vico et al., 2012).   
Although there are some morphologic studies of the microscopic changes in 
endometrial arteries, there are few studies that examine the uterine artery. Some studies on 
angiopathies of the reproductive tract have focused on the occurrence of lethal peripartum 
hemorrhages in mares, highlighting uterine artery rupture as a serious consequence of 
artery degeneration in pregnant mares.  
 
1.3.2. Uterine Artery Rupture 
Peripartum hemorrhages (PPH) are caused by complete dissection or focal 
transmural laceration of a major vessel including uterine, ovarian, external iliac, pudendal 
and vaginal arteries. A study of broad ligament hematoma in 31 Thoroughbred mares with 
arterial injuries (hemorrhage sites), showed that the most commonly observed locations 
were in the uterine arteries (Ueno et al., 2010). The lesion causes profuse and abrupt 
hemorrhage into the peritoneal cavity, within the broad ligament or uterine wall, or into 
more than one of these spaces. The most commonly observed locations of arterial injuries 
(hemorrhage sites) are in the uterine arteries (Arnold et al., 2008; LeBlanc, 2008; Ueno et 
al., 2010). It is suspected than increased intravascular pressure, vascular degeneration, and 
tension on vessels act collectively to cause vascular rupture (Lofstedt, 1994). The term 
“rupture” for vessel disruption is used in this pathology because it is believed that the 
typical case results from the arterial bursting (Figure 3.2.3.1.) due to chronic intramural 
degenerative changes and weakening (Williams and Bryant, 2012).   
 
1.3.2.1. Pathogenesis and occurrence  
 
Uterine artery rupture is a serious condition that has been documented in older 
mares usually occurring at the birth of the foal or up to a few days afterward (Ueno et al., 
2010). It is believed that the pathogenesis may involve multiple pregnancies, repetitive 
cycles of vascular growth, subsequent post-partum uterine involution, ageing processes, 
chronic inflammation, and short foaling intervals resulting in progressive degenerative 
vascular changes (McCarthy and et al., 1994; Williams, 2001).  
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It has been also postulated that increased blood flow, increased vessel diameter, 
exaggerated tortuosity occur with successive pregnancies resulting in an increased load on 
the arterial walls. The degenerative changes are believed to cause an aneurismal lesion in 
the vascular wall that weakens from the tension applied to the arteries as the weight of the 
uterus and its contents increase during gestation.  (McCarthy and et al., 1994). 
 
Different studies on peripartum anomalies in mares show significant data on uterine 
artery rupture. Between 1992–1993 foaling season data from the formerly Livestock 
Disease Diagnostic Center in Kentucky presents records of 98 mares dying shortly after 
foaling and from this group 57 mares died from reproductive complications. UAR 
accounted for 47 (47.9%) of those cases. The age of the affected mares varied from 3 – 24 
years with the majority being in the 11-15 year range (Dwyer, 1993).  
Another study conducted at the University of Kentucky Veterinary Diagnostic 
Laboratory has determined that over a period of 15 years (1993-2007), five hundred and 
thirteen (1.5%) of the total equine necropsy cases were due to a periparturient arterial 
rupture and from this group 76% of the cases corresponded exclusively to uterine artery 
rupture. The ages of the affected horses ranged from 6-26 with the mean age being 16.7 
years and 78% of these cases were ≥15 years (Williams and Bryant, 2011). In 2010 Ueno 
et al. conducted a study of broad ligament hematoma in 31 Thoroughbred mares where 24 
presented uterine artery injuries. The age mean in this group was 16.9 ± 3.3 years and parity 
9.5 ± 2.6 times.   
A study based on medical records of 73 mares that presented periparturient 
hemorrhage and were treated at Hagyard Equine Medical Institute from 1998 to 2005 
shows that the affected mares were 5-24 years old with a mean age of 14 years and parity 
ranging from 1-16 foals with a mean of 8 foals. The conclusion states that PPH develops 
in mares of any age and parity (Arnold et al., 2008).  
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1.3.2.2. Diagnosis and treatment 
 
The condition constitutes an emergency because of the profuse internal 
hemorrhage. The initial signs include tachycardia, cardiac murmurs or arrhythmia, 
sweating, colic, depression, Flehman response, vocalization, muscle fasciculation, 
increased mucosae pallor, and low capillary refill time. Some mares may not show signs 
other than peracute death. Rectal palpation can diagnose the presence of hematoma in the 
broad ligament or uterine wall. An ultrasonography can be used to determine if there is free 
blood, swirling hyperechoic fluid, either in the peritoneal cavity, uterine lumen or both 
(Dolente, 2004; LeBlanc, 2008).  Abdominocentesis can be used to confirm free blood in 
the abdominal cavity. (Williams, 2001).   
There are cases where the hemorrhage is contained within the interstitium of the 
broad ligament and depending upon the size of the vessel a hematoma forms within the 
fibrous connective tissue and smooth muscle (Lofstedt, 1994). Small organized hematomas 
can regress depending on the size of the tear. However, large hematomas can leak or break 
through the wall of the broad ligament and blood can escape in fatal amounts.  
Exsanguination from arterial rupture is rapid. Treatment of mares with PPH is 
generally supportive because surgical access to the reproductive tract vasculature is limited 
(Arnold et al., 2008). When diagnosed the treatment includes administration of fluids, 
oxygen carrying medications, antimicrobials, non-steroidal anti-inflammatory agents, 
blood transfusion (up to 20 liters when the pocket cell volume is less than 20%),  
ergonovine or oxytocin as vasoconstrictors, aminocaproic acid as inhibitor of proteolytic 
enzymes, and  deep sedation. In all cases the aim of the treatment to relief the pain and to 
control the hemorrhage (Lofstedt, 1994).  
The pathology has been considered fatal and even when diagnosed humane 
euthanasia has often been elected. However, A latest report suggests good prognosis with 
medical treatment with 84% survival on treated mares and from this group 49% of the 
mares, from which follow-up information was available, subsequently produced a foal 
(Arnold et al., 2008).  
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1.3.2.3. Postmortem examination 
 
The most important lesions of UAR on postmortem gross examination includes 
massive accumulation of partially clotted blood between the leaves of the broad ligament 
on the affected side with tearing of one leaf of the ligament and release of blood into the 
peritoneal cavity (Rooney, 1964). The actual site of rupture in the artery may be difficult 
to locate and often it is necessary to track down or up both uterine arteries to find the exact 
location of the lesion (Figure 3.2.3.1). The affected vessel typically a partial longitudinal 
tear with ragged margins, dark red borders, and is covered by blood clots, and fibrin.  
Although some studies show more predisposition to rupture for right (Rooney, 
1964), or left (Dwyer, 1993; Ueno et al., 2010) uterine arteries latest studies have reported 
no significant predilection on side (Williams and Bryant, 2012). It has been speculated that 
slight displacement of the gravid uterus to the left abdominal wall by the cecum may cause 
an increase in the tension in the right broad ligament that could predispose the ligament to 
rupture and the vessels contained in it (McCarthy and et al., 1994; Pascoe, 1979). 
 
Figure 1.3.2.3.1. Uterine artery rupture with broad ligament hematoma 
 
©Gabriela Toro 
 
Histopathologic changes include break in the continuity of the intima and media 
with fibrin thrombus material filling the gap, intimal fibrosis, thickening and accumulation 
of metachromatic and mucoid material in the intima and media. Additionally, more chronic 
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lesions of intimal fibrosis, mucoid accumulations, loss of media VSMC, and fibrosis can 
be identified distant or near to the sites of dissection (Rooney, 1964).  
Latest reviews have shown that arterial injuries are predisposed by VSMC atrophy 
and fibrosis of the arterial wall predominantly in aged and multiparous mares After 
histological evaluation of samples, it was concluded that such injuries were predisposed by 
VSMC atrophy and fibrosis of the arterial wall in aged and multiparous mares (Ueno et al., 
2010). 
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Chapter II 
 
Uterine artery rupture, an angiopathy of the reproductive system of the mare: 
occurrence and potential effects 
 
2.1. Abstract 
The intent of this research was to identify if the degenerative changes within arteries 
in the endometrium (endometrial angiopathies) correlate with degenerative changes in the 
uterine arteries and can be used as a predictor of increased risk for uterine artery rupture 
(UAR). With this objective specimens from 20 mares that died from uterine artery rupture 
and 21 control mares that died from unrelated causes  were obtained from cases submitted 
to the University of Kentucky Veterinary Diagnostic Laboratory (UKVDL) over a two-
year period. Postmortem specimens of each mare were collected from the left and right 
uterine arteries at the origin, bifurcation, and distal to the bifurcation as well as full 
thickness uterine wall sections at five different sites. An additional sample was taken from 
the uterine artery at the site of rupture in the affected mares. Tissue samples were immersed 
in 10% neutral buffered formalin, routinely processed, and stained with hematoxylin and 
eosin, Masson’s Trichrome, and Verhoeff´s Van Gieson histochemical stains as well as a 
smooth muscle-actin immunohistochemical marker. Elastosis, fibrosis, and vascular 
smooth muscle cell degeneration were identified in this study as potential contributors of 
vascular degeneration and a scoring system was developed to differentiate the degrees of 
severity of these specific degenerative changes within the intima and media of the vascular 
wall. Based on the scoring system, sections of uterine arteries and endometrial arterioles 
were blindly examined and the scored changes recorded for statistical analysis. The results 
show that degenerative changes in endometrial and uterine arteries are similar within each 
group but we conclude that they cannot be used as predictors of increased risk for UAR. 
Furthermore, we determined the major changes in vascular pathology of the affected 
uterine arteries and show there is a significant difference in degenerative changes between 
specific layers of the vascular wall.  
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2.2. Introduction 
 
Angiopathy is defined as disease affecting a blood vessel in various degrees, at 
various levels, and presenting different features. The degree of structural alterations in any 
of the layers of the vascular wall as well as variations in the balance of their components 
can lead to pathologic changes such as thickening of the media, splitting and fragmentation 
of the IEL, and abnormal presentation and distribution of VSMCs (Albinsson et al., 2004). 
Pathologic changes in the vascular walls of endometrial arteries are considered to exert a 
substantial influence on endometrial pathology and these changes are believed to result in 
reproductive breakdown and infertility due to the failure of perfusion (Gruninger et al., 
1998; Hoffmann et al., 2009; Oikawa et al., 1993).  
An association between infertility, age, parity, and pathologic vascular changes has 
been established. The exact mechanisms of how these factors interact or predispose each 
other have not been entirely understood. Still, angiosis and sclerosis are factors that 
correlate with degenerative vascular changes in multiparous mares and point to ageing 
processes and short foaling intervals as additional pathogenic factors (Gruninger et al., 
1998).  
Some studies on angiopathies of the reproductive tract have focused their attention 
on the occurrence of lethal peripartum hemorrhages in mares, highlighting uterine artery 
rupture as a serious consequence of artery degeneration in pregnant mares. The condition 
has been documented in older mares usually occurring at the birth of the foal or up to a few 
days afterward (Ueno et al., 2010). It is believed that the pathogenesis involve multiple 
pregnancies, repetitive cycles of vascular growth, uterine involution in post-partum, ageing 
processes, chronic inflammation, and short foaling intervals resulting in progressive 
degenerative vascular changes and tension on vessels that act collectively to cause vascular 
rupture (McCarthy and et al., 1994; Williams, 2001).  
 
Uterine artery rupture causes profuse and abrupt hemorrhage into the peritoneal 
cavity, within the broad ligament or uterine wall, or into more than one of these spaces. 
(Arnold et al., 2008; LeBlanc, 2008; Ueno et al., 2010). The term “rupture” for vessel 
disruption is used in this pathology because it is believed that the typical case results from 
 
21 
 
the arterial bursting due to chronic intramural degenerative changes and weakening 
(Williams and Bryant, 2012).  It constitutes an emergency because of the profuse internal 
hemorrhage that cause intense pain, shock, and peracute death. Treatment of mares with 
UAR is generally supportive because surgical access to the reproductive tract vasculature 
is limited (Arnold et al., 2008). When diagnosed the treatment is intended to relief the pain 
and to control the hemorrhage (Lofstedt, 1994). The pathology has been considered fatal 
and even when diagnosed humane euthanasia has often been elected.  
 
The most important lesions of UAR on postmortem gross examination includes 
massive accumulation of partially clotted blood between the leaves of the broad ligament 
on the affected side with tearing of one leaf of the ligament and release of blood into the 
peritoneal cavity (Rooney, 1964). The actual site of rupture in the artery may be difficult 
to locate and often it is necessary to track down or up both uterine arteries to find the exact 
location of the lesion. The affected vessel typically shows a partial longitudinal tear with 
ragged margins, dark red borders, and covered by blood clots, and fibrin.  Although some 
studies show more predisposition to rupture for right (Rooney, 1964), or left (Dwyer, 1993; 
Ueno et al., 2010) uterine arteries latest studies have reported no significant predilection 
on side (Williams and Bryant, 2012). It has been speculated that slight displacement of the 
gravid uterus to the left abdominal wall by the cecum may cause an increase in the tension 
in the right broad ligament that could predispose the ligament to rupture and the vessels 
contained in it (McCarthy and et al., 1994; Pascoe, 1979). Histopathologic changes include 
break in the continuity of the intima and media with fibrin thrombus material filling the 
gap, intimal fibrosis, thickening and accumulation of metachromatic and mucoid material 
in the intima and media (Rooney, 1964).  
There are two important studies conducted at the University of Kentucky 
Veterinary Diagnostic Laboratory, formerly Livestock Disease Diagnostic Center that 
highlight the regional incidence and prevalence of the pathology.  The first was performed 
between the 1992–1993 foaling season where records indicate that 98 mares died shortly 
after foaling and from this group 57 mares died from reproductive complications. UAR 
accounted for 47 (47.9%) of those cases. The age of the affected mares varied from 3 – 24 
years with the majority being in the 11-15 year range (Dwyer, 1993).  The second study 
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has determined that over a period of 15 years (1993-2007), five hundred and thirteen 
(1.5%) of the total equine necropsy cases were due to a periparturient arterial rupture and 
from this group 76% of the cases corresponded exclusively to uterine artery rupture. The 
ages of the affected horses ranged from 6-26 with the mean age being 16.7 years and 78% 
of these cases were ≥15 years (Williams and Bryant, 2011).  
 
2.3 Materials and Methods 
 
2.3.1 Specimen collection 
Horses included in this study were from cases submitted to the University of 
Kentucky Veterinary Diagnostic Laboratory, Lexington Kentucky over a two-year period 
(2009-2010). Included in the study were animals meeting the following criteria: mares 
dying from uterine artery rupture (Affected, Group A, n=20), pregnant mares dying from 
causes not related to the reproductive tract (Unaffected, Group B, n=15), and non-pregnant 
mares dying from causes not related to the reproductive tract (Unaffected non-pregnant, 
Group C, n=6). 
Information regarding the age and number of live foals born of each horse was 
directly from accession forms when available. When the information was not provided on 
the accession forms, attempts were made to acquire the missing information from the 
horse’s owners, attending, or primary care veterinarian. 
During the necropsy examination, samples of uterine arteries and uterus were 
collected and information related to pregnancy state, side of arterial rupture in affected 
cases, and cause of death were recorded.  
 Post mortem collection of samples consisted of the following. For all groups, 
uterine arteries (UA) were sampled at six different sites: right UA-origin (site1), left UA-
origin (site-4), right UA-middle point between origin and bifurcation (site 2), left UA-
middle point between origin and bifurcation (site 5), right UA at bifurcation (site 3), and 
left UA at bifurcation (site 6). For group A an extra sample from the actual site of rupture 
was included (site S). (Figure 2.3.1.1) For all groups, full thickness uterine samples were 
taken from the dorsal uterine wall at six different sites: tip of right horn (A), tip of left 
horn (D), base of right horn (B), base of left horn (E) and middle point of the uterine 
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body (C) (Figure 2.3.1.2). Tissue samples were immersed in 10% neutral buffered 
formalin for fixation, and routinely processed for histologic examination. 
 
Figure 2.3.1.1. Sample collection of non-ruptured (A) and rupture (B) uterine artery. 
Uterine artery, horse 
 
 
©GabrielaToro 
 
 
Figure 2.3.1.2. Sample collection of endometrium. Uterus, horse 
 
 
©GabrielaToro 
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2.3.2. Preliminary H&E Histopathologic examination  
 
Numerous Hematoxylin and Eosin (H&E) sections of uterine and endometrial 
arteries were observed and evaluated to establish the normal arterial wall architecture and 
to later identify pathologic changes. The presence or absence of such changes in the intimal 
and medial sections of the vascular wall was considered in the development of a primary 
scoring system (Table 2.3.2.1) to aid in assessing vascular pathology. 
Because of budgetary limitations it was necessary to limit the number of sections 
from uterus and uterine artery samples for histologic examination. A set of six horses three 
form group A, two form group B, and one from group C was randomly selected. A letter 
was assigned to each horse (A-F). The evaluation was performed separately for endometrial 
and uterine arteries. Lesions were evaluated using the H&E scoring system summarized in 
Table 2.3.2.1. For uterine arteries, slides from sites 1 to 6 were evaluated and for 
endometrial arteries sites A through D were evaluated.  The endometrial arteries considered 
for evaluation were only those having diameters equal or higher than 200 um. The number 
of endometrial vessels was counted in each section and every third arter was scored.  
For each horse, scores from each section of uterine  and endometrial artery  
examined were recorded on a spread sheet (Table 2.3.2.1.)  The cumulative scores for  the 
uterine artery were similar among sites on the left and right arteries and among horses. As 
a result, it was decided to examine one section of uterine artery per side per horse. 
Likewise, for endometrial arteries the vascular pathology was similar among the five sites 
of the uterus examined. The decision was made to evaluate three sites of uterus and twelve 
arteries per section.  
Consequently, the following sections were evaluated:  
 102 sections of uterine artery on 60 slides, 20 each from sites 1 and 4, and site of 
rupture, of the 20 affected horses (Group A) and 42 slides from the 21 non-affecetd 
horses (groups B+C: sites 1 and 4 per each horse) were examined. 
 123 sections of uterus from sites B, C, and D from affected + non affected horses  
(n=41) were examined.  
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Since two special histologic stains and one immunohistochemical marker will be used 
in the later histologic evaluations, triplicates of each site were generated to be further divide 
into three sets of 225 slides.  
2.3.3. Special histologic stains and immunohistochemical marker 
 
Elastosis, fibrosis, and VSMC degeneration were considered in this study as the 
indicators of pathologic changes in the arterial wall and as possible predictors of uterine 
artery rupture. Consequently, to assess the incidence and severity of each one of these three 
parameters two histochemical stains and one immunohistochemical marker were utilized 
for developing a scoring system based on histopathologic examination.. In the scoring 
system each parameter was scored from 0 to 3, 0 being normal with no pathologic changes, 
1 = mild pathologic changes, 2 = moderate pathologic changes, and 3 = severe pathologic 
changes Figures 2.3.3.1 and 2.3.3.2. Each scoring system, for each parameter is described 
in detail in tables 2.3.3.1.; 2.3.3.2.; and 2.3.3.3. 
Masson’s trichrome stain was used to identify the extent of collagen deposition and 
distribution in the arterial wall with evaluation of both the intima and the media of the 
vessel wall. Verhoeff´s Van Gieson stain was used to identify elastic fibers within the wall 
to assess the degree of IEL proliferation and fragmentation as well as the degree of elastic 
fiber proliferation in the media. The smooth muscle-actin was the marker selected to 
identify the density and distribution of VSMC in the media and their migration into the 
intima layer. The two histochemical staining procedures were performed in an automated 
special staining system utilizing Dako Artisan for Masson´s Trichrome and Dako 
Autostainer Plus for smooth muscle-actin. Protocols for the special stains are described in 
detail in appendixes A, B and C.  
The Verhoeff´s Van Gieson staining procedure was performed manually and large 
variation in the darkness of the stain between sections are common because a decisive part 
of the procedure is the differentiation in 2% Ferric chloride and the exact time of exposure 
needs to be evaluated each time under the microscope. Therefore, to obtain uniformity in 
the staining in both arterial and endometrial tissue, a trial was conducted with 20 random 
experimental samples from random sections with several repetitions by a single person to 
ensure consistency in the results. The protocol was adjusted for our purposes with a 
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differentiation time exposure of 90 seconds for uterine arteries and 120 seconds for uterus. 
The final 225 specimens were also stained by hand by the same person.  
 
2.3.4. Final blinded histopathologic examination and score  
 
To ensure accuracy in the final results, the histological sections were blindly 
examined by two persons. Serial photographs were taken of each endometrial and uterine 
artery wall section to ensure to ensure the same sites were examined by each individual. 
Consequently, utilizing an Olympus BX50 microscope connected to a DP71 camera, 
software photomicrographs were obtained and archived for later evaluation. Each 
photograph was taken under the following parameters: 
 
• Auto-exposure mode and auto level adjustment 
• 1360 x 1024 image resolution 
•  200 ISO sensitivity 
• 0.067 milliseconds time exposure  
• Scale imprinted on image  
 
 Uterine arteries: Sites 1, 4, and site of rupture for each horse of the affected group A, 
and Sites 1 and 4 for the 21 horses of the non-affected groups B+C.  A 4X magnification 
photograph was taken as reference for the selected site of the arterial wall having the 
best full thickness quality (Figure 2.3.4.1.). After the site was selected, four serial 
photographs were taken at 10x magnification (Figure 2.3.4.2.).  
 Endometrial arteries: A total of 12 arterioles from any of the selected sections (B, C, or 
D) for each of the total 41 horses. Each arteriole was photographed at a 40X 
magnification. 
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Figure 2.3.4.1. Photography of uterine artery 2x, Mason’s Trichrome. Uterine 
artery, horse. 
 
 
© GabrielaToro 
 
Figure 2.3.4.2. Serial sections of photographs  of uterine artery 10x, Mason’s 
Trichrome. Uterine artery, horse 
 
 
© GabrielaToro 
 
 
After completing the photographing process, the archive consisted of the creation 
of a folder for each horse with two sub folders: uterine artery and endometrial arteries. For 
the non-affected groups B and C the uterine artery folder had two extra folders: site 1 and 
site 4. For the affected group A there was a third “site of rupture” folder. Each of the site 
folders had three additional folders named with the corresponding special stain or 
immunohistochemical marker and each of them contained 5 photomicrographs: one 4x 
reference image, and four 10x images.  
The endometrial arteries folders had twelve sub folders in all the groups A, B, and 
C. Each folder was labeled from 1 to 12 and contained three 40x photomicrographs for the
same endometrial artery for each stain.
Following completion of the archive, the folders were separated from its main horse 
number folder and placed in one of two new folders labeled uterine arteries and endometrial 
arteries to facilitate and guarantee a blinded evaluation. A random number generator was 
used to rename each folder in the uterine artery and in the endometrial artery groups. A 
master list contained the key for the conversion.  
Two persons independently evaluated each vessel based on the developed scoring 
system and the data was recorded on separate spread sheets. When the scoring process was 
completed data was compiled and sorted into a new spread sheet that contained two 
individual scores for each parameter and for each site under the real horse numbers.  
2.4. Statistical analysis  
a. Fibrosis, elastosis, vascular smooth muscle cell (VSMC) degeneration, and
total vascular pathology (elastosis + fibrosis + VSMC)
The data was normally distributed and consisted of duplicated scores, one per
evaluator, for each parameter and for each horse based on the developed scoring systems 
described in tables 2.3.3.1; 2.3.3.2; and 2.3.3.3.    
For uterine arteries, four 10x magnification photographs from each right (site 1), 
left uterine arteries (site 4), and site of rupture (site S) were evaluated considering media 
and intima layers of the vascular wall as separate scores for each parameter. For 
endometrial arteries a single score was considered as full thickness pathology from twelve 
endometrial arteries. Templates for scores are summarized in tables 2.4.1. and 2.4.2. The 
mean values were calculated and analyzed using the Standardized Automated SAS 
processor utilizing General Linear Model (GLM)  for ANOVA adjusted for age and the 
number of foals for each parameter for each of the following comparisons: 
1. Endometrial artery pathology compared to uterine artery pathology of horses of the same 
group (A, B, C and B+C).
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Data: 12 scores from endometrial arteries (E) per horse per group compared to 16 scores 
from right and left uterine arteries (RI + RM+LI+LM) per horse per group, within each 
group.(Table 2.4.1.) 
1. Pathology of uterine arteries of horses between groups (A, B, C and B+C)
Data: 16 scores from right and left uterine arteries (RI + RM+LI+LM) per horse per group 
between groups (Table 2.4.1.).
3.– Pathology of uterine arteries within the same group (A, B, C and B+C)
Data: 8 scores from pathology of interna (RI+LI) from right and left uterine arteries per 
horse per group compared to 8 scores from pathology of media (RM +LM) from right and 
left uterine arteries per horse per group, within groups (Table 2.4.1.). 
4. - Endometrial arteries between groups (A, B, C and B+C)
Data: 12 scores from endometrial arteries (E) per horse per group between groups (Table
2.4.1.).
5. – Pathology of the site of rupture with non-rupture sites of uterine arteries within the
affected group (A).
Data: 16 scores from right and left uterine arteries (RI + RM+LI+LM) per horse from group
A compared to 8 scores from the site of rupture from the affected group A (Table 2.4.2.).
6. – Pathology of the site of rupture in uterine arteries of the affected group (A)
Data: 4 scores from pathology of interna (SI) compared to 4 scores from pathology of
media (SM) from the ruptured site per horse from the affected group A (Table 2.4.2.).
b. Age and number of foals
The mean and range for the age and number of foals in the studied population was 
calculated using Microsoft Exel for each group.  The data was obtained from accession 
forms.  
2.5. Results 
2.5.1. Fibrosis, elastosis, vascular smooth muscle cell (VSMC) degeneration, 
and total vascular pathology (elastosis + fibrosis + VSMC) 
1. Endometrial artery pathology compared to uterine artery pathology of
horses of the same group (A, B, C and B+C)
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Scores associated with elastosis were higher (p<0.05%) and scores of total 
pathology tended to be higher (p<0.1%) in endometrial arteries compared to those of 
uterine arteries in the non-affected Group B and influenced by the number of foals. Tables 
2.4.1.1, 2.4.1.2, 2.4.1.3, and 2.4.1.4. Scores of fibrosis and VSMC degeneration of the 
endometrial arteries were similar to those of the uterine arteries in group B. Scores for 
elastosis and total pathology in groups A, C, and B+C were similar between endometrial 
and uterine arteries (p<0.05%). 
2. Pathology of uterine arteries of horses between groups (A, B, C and B+C) 
 Scores between uterine arteries were similar (p<0.05%) for all the parameters 
between groups.  
3. Pathology of uterine arteries within the same group (A, B, C and B+C) 
In the affected group A, scores of uterine arteries were different for fibrosis, VSMC 
degeneration, and total pathology between intima and media layers of the vascular wall. 
Fibrosis was higher in the media (p <0.01%), VSMC degeneration was higher in the intima. 
(p<0.05%), and total pathology was more severe in the media and (p<0.05). Tables 2.4.1.5, 
2.4.1.6, 2.4.1.7, and 2.4.1.8. Scores of elastosis in the affected group A were similar 
between intima and media. Scores for each parameter were similar within groups B, C, and 
B+C between the media and intima layers of the arterial wall (p<0.05%) 
4.  Endometrial arteries between groups (A, B, C and B+C) 
Scores of elastosis were higher in the endometrial arteries of the affected group A 
adjusted for the number of foals (p<0.01%) and age of mares (p<0.005%). Tables 2.4.1.1 
and 2.4.1.9. Scores associated with fibrosis, VSMC degeneration, and total pathology of 
endometrial arteries were similar among groups B, C, and B+C (p<0.05%).  
 
5. Pathology of the site of rupture with non-rupture sites of uterine arteries 
within the affected group A 
Scores of elastosis were higher in the non-ruptured site compared to those of the 
ruptured site of uterine arteries in the affected group A (p< 0.05%). Tables 2.4.1.10 and 
2.4.1.11.  Scores of fibrosis, VSMC degeneration, and total pathology were similar. 
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6. Pathology of the site of rupture in uterine arteries of the affected group A 
The uterine arteries of the affected group A at the site of rupture had tendency to higher 
scores of fibrosis and total patholoy in the media compared to those of the intima layers of 
the vascular wall (p<0.1%). Scores of elastosis were more severe in the intima compared 
to media (p<0.05%), and scores of VSCM degeneration were higher in the media of the 
arterial wall (p<0.07%) Tables 2.4.1.12, 2.4.1.13, 2.4.1.14, 2.4.1.15, and 2.4.1.16. 
2.5.2. Age and number of foals  
The age of the mares in the studied population (41 horses) ranged from 5 to 23 
years of age with a mean of 14 years. In the affected group (20 horses) the range was 9 to 
23 years of age with a mean of 17 and in the non-affected group (21 horses) the range was 
from 5 to 23 years of age with a mean of 12. The number of foals in the total population 
studied ranged from 1 to 15 live foals/mare with a mean of 7. The affected group had a 
pregnancy rate of 1 to 15 diagnosed pregnancies with a mean of 7 and in the non-affected 
group the diagnosed pregnancies ranged from 3 to 12 with a mean of 6. (Table 2.4.2.1) 
 
2.6. Discussion 
Pathologic changes in the vascular wall of endometrial arteries were compared to 
the pathologic changes of uterine arteries within the same group of horses (A, B, C, and 
B+C) and the results showed severe pathology related to elastosis affecting the endometrial 
arteries only in group B (non-affected pregnant mares) and influenced by the number of 
foals. The lesions in elastosis include moderate to severe proliferation and fragmentation 
of the internal elastic lamina as well as moderate to severe proliferation of elastic fibers 
within the media (Tables 2.3.3.2, 2.4.1.1, and 2.4.1.2).   
These findings suggest a close relationship between elastosis and the increasing 
number of pregnancies which is in agreement with the findings of multiple studies  that 
describe degenerative sclerotic changes of the endometrial vessels and are referred to as 
pregnancy sclerosis, endometrial angiosis, or chronic degenerative endometrial disease. 
The changes are considered to develop as a physiologic response of the gravid uterus to 
reinforce the vascular wall to compensate for its decreased resistance to mechanical stress 
(Esteller-Vico et al., 2012; Gruninger et al., 1998; Nambo et al., 1995; Oikawa et al., 1993; 
Schoon et al., 1999). 
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 Gruninger et al. described mild to moderate angiosis of the vascular wall as 
thickening and fraying or disruption of the internal elastic lamina, mild to moderate 
increase of elastic collagen or elastic fibers within the intima, media and adventitia 
(Gruninger et al., 1998). The studies of Esteller-Vico et al. and  Schoon et al. imply that 
the incidence and degree of pregnancy sclerosis increase with the number of foals delivered 
independent of age and the changes are described as elastosis, fibrosis and fibroelastosis of 
the vascular wall as well as perivascular fibrosis (Esteller-Vico et al., 2012; Schoon et al., 
1999). In our study, the findings were increased elastosis that was not associated with 
increased fibrosis of the vascular wall. Perivascular fibrosis was not evaluated.  
Another aspect to consider from the results of this comparison is that the scores of 
vascular elastosis of endometrial vessels are higher compared to the uterine arteries in 
pregnant mares. This suggest that the proliferation of elastic fibers is not necessarily a 
systemic response and is perhaps a response restricted to the vessels of the uterine wall. 
Finally, there is no significant difference between endometrial arteries and uterine arteries 
of the affected group A. Even though these results might reflect some similarity in the 
severity of pathologic changes in both uterine and endometrial arteries, there is not strong 
evidence to support that such changes are equal. Therefore, even when the evaluation of 
endometrial arteries could aid in the determination of the state of integrity of vascular walls 
in uterine arteries this evaluation cannot be used as a predictor of uterine artery rupture.  
The pathology of the wall of endometrial arteries was compared between groups; 
the results yielded significant differences in the affecteded group A with an increased 
severity only in elastosis that was influenced by age and number of foals. Tables 2.4.1.1 
and 2.4.1.9.  These results included the examianation of 12 endomterial vessels with a 
diameter higher than 200 um  from 20 mares that died from UAR. The main change in the 
interna elastic lamina was an increase in the number of elastic fibers with haphazard 
multidirectional orientation and a fragmentation rate between 75-100%. In the media there 
is severe proliferation of elastic fibers with wide open intercellular spaces. Table 2.3.3.2.  
The  results of increased elastosis are in agreement with the previous discussion of 
angiosis in vascular walls. Additionally,  a study performed in 1995 examined 
approximately 90 vessels, ranging form 100 to 400 micrometers in diameter from 13 
Thoroughbred mares; the results show concentric enlargement of internal elastic lamina 
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with significant correlation with age (Nambo et al., 1995).  Another study performed in 
three multiparous aged mares with failure of becoming pregnant was performed in 1993. 
The microscopic analysis was also focused on the arteries of the uterine wall and the results 
showed elastosis due to multiplication of the layers of  the interna elastic lamina consisting 
of elastic fibers of various sizes aligned in various directions(Oikawa et al., 1993).  Esteller-
Vico et al. in 2012  examined uterine specimens from 71 mares and the pathologic findings 
were associated with vascular degeneration of myometrial vessels and described as 
enlargement, duplication and splitting of the interna elastic lamina. In this study the authors 
found association of the vascular lesions with the number of foals but no association with 
the age of the mare (Esteller-Vico et al., 2012). However, in our study the severity of 
elastosis in endometrial vessels of the affected mares appears to be greatly influenced by 
age (p< 0.005) and tended to be influenced by the number of foals (p<0.1). This correlation 
with age and parity has been stablished in the past by Gruninger et al. as previously 
discussed (Gruninger et al., 1998).  
 
Pathologic changes of the uterine arteries were compared between groups and the 
results showed that the degree of pathology of the arterial walls is similar among them. The 
scores of the actual site of rupture were not included in the comparison for group A. This 
suggests that pathologic changes in the non rupture sites of the arterial wall of the affected 
horses were similar to the changes in the uterine arteries of the non-affected horses and 
therefore it is possible that the severity of pathology needed for an abrupt rupture of the 
wall is not extensive or diffuse but rather focal or localized.  
 
When comparing scores for each parameter of pathology between intima and media 
layers of the uterine arteries within each group (A, B, C, and B+C) the scores were different 
only in the affected group A (in this comparison the scores of the actual site of rupture were 
not included). Vascular smooth muscle cell degeneration was more severe in the intima 
layer of the affected vessels; this might be due to reactive migration of VSMC from the 
media to the intima as a generalized response to chronic vascular degenerative changes that 
result in thickening of the intima with displacement of endothelial cells and abnormal 
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proliferation of the interna elastic membrane (Esteller-Vico et al., 2012; Gruninger et al., 
1998; Nambo et al., 1995). 
Scores of fibrosis were more severe in the media and total pathology had a tendency 
to be higher in the same layer of the vessel.  Changes of elastosis in the intima have been 
previously described in multiple studies as a response to chronic degenerative changes and 
closely related to multiple pregnancies and aging without provoking rupture of the uterine 
artery.  Therefore, there is the possibility that the pathogenesis for the rupture of the arterial 
wall might include abnormal deposition of collagen as an extra factor affecting the media 
of the vessel.   
 
Pathology of the uterine artery wall between ruptured and non-ruptured sites of the 
affected mares (Group A) were compared; an increase in the severity of elastosis occurred 
at non-rupture sites. This suggest that even when the severity of changes in all the 
parameters were high at the site of rupture, changes related to elastosis where more severe 
in the non-ruptured site. Perhaps the changes in the arterial wall of the uterine arteries of a 
single mare are not equal or similar throughout these uterine vessels.  Furthermore, it might 
imply that even when elastosis could be involved in the pathology of UAR it is not the key 
pathologic change to provoke the rupture of the wall.  
 
When the analysis was focused on the sites of arterial wall rupture in of affected 
Group A, scores of elastosis and total pathological degeneration were more severe in the 
intima layer and fibrosis and VSMC degeneration were more severe in the media. Table 
2.4.1.12. This finding is in agreement with the description of pathologic findings in uterine 
arteries of 31 mares that died of lethal peripartum broad ligament hematoma. In the study 
the main histological features of the ruptured vessels showed atrophy of smooth muscle 
cells and fibrosis of the media and a thickened tunica intima caused by disruption of the 
interna elastic lamina and proliferation of the collagenous and elastic stroma. The lesions 
were more prominent in the uterine arteries of aged and multiparous mares (Ueno et al., 
2010).  
These results could aid in the development of a model of pathogenesis for the abrupt 
rupture of the arterial wall. Chronic degenerative changes in arteries have been related to 
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elastosis, sclerosis, and overall remodeling of the vascular wall (Gruninger et al., 1998; 
Lofstedt, 1994; Oikawa et al., 1993). These changes can cause increased vascular 
resistance that activate endothelial cells which then down-regulate vascular remodeling 
finally triggering migration of vascular smooth muscle cells and increased activity and 
production of extracellular matrix proteins. A primary step of the disease, therefore, could 
be a physiologic vascular wall remodeling followed by a deleterious pathologic 
extracellular matrix response. The increased severity of the migratory response of VSMC 
from the media towards the lumen can leave empty spaces in the medial stroma and 
generate further changes in extracellular matrix such as an increased deposition of collagen 
with subsequent reduction in the stretching capacity of the vascular wall and also increased 
deposition of immature elastic fibers with low to minimal elasticity. In this way, the 
increased stiffness of the wall with markedly decreased elasticity may result on a higher 
risk of arterial wall rupture under the increased blood pressure of the peripartum period.  
 
The mares in the affected group A had a range of age between 9 to 23 years old 
with a mean of 17 years old compared to 5 to 23 years old and a mean of 12 years old of 
the non-affected group B+C. Table 2.4.2.1. The results are similar to other studies. In 1993 
the study by Dr. Dwyer showed that the age of mares that died from rupture of the uterine 
artery ranged from 3 to 24 years old with the majority being 11 to 15 years old (Dwyer, 
1993). Another study performed at the UKVDL showed that ages of affected mares that 
died from UAR varied from 6 to 26 years old with a mean being at 16.7 years and 78% of 
these cases were older than 15 years (Williams and Bryant, 2012). In 2008 a study 
performed at Hagyard Medical Institute in Lexington, KY showed that the age of horses 
affected by PPH ranged from 5 to 24 years old with a mean of 14 years. In the same study 
the number of foals prior the diagnosis of PPH was 8  with a range of 1 to 16 (Arnold et 
al., 2008). In our study the number of foals of the affected mares in our study ranged from 
1 to 15 with a mean of  9 foals.  
In summary, the present study has demonstrated that histopathologic changes 
related to abnormal deposition of collagen (fibrosis), increased proliferation of elastic 
fibers (elastosis), and vascular smooth muscle cell (VSMC) degeneration were the most 
severe in the vascular wall of the uterine arteries of the affected horses that died of UAR. 
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Furthermore, it has been established that the severity of such changes differs between the 
intima and media layers of the vascular wall of the site of ruptrure of the affected mares.  
Elastosis was more severe in the intima, and fibrosis and VSMC degeneration were more 
severe in the media. These changes are closely influenced by the age of the mares and the 
number of foals.  
And finally, even when the evaluation of endometrial arteries could assist in the 
determination of the state of integrity of vascular walls in uterine arteries this evaluation 
cannot be used as a predictor of uterine artery rupture. 
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Tables and figures 
Table 2.4.2.1.  H&E scoring system. 
Score Intima Media 
 Endothelial cells IEL VSMC ECM 
0 
Single uniform 
layer 
Single, thin, and 
homogeneous bright 
eosinophilic bundle 
surrounded by a thin and 
organized layer of 
connective tissue 
Arranged in concentric 
uniform layers with 
variably indistinct cell 
borders, eosinophilic 
cytoplasm with cigar 
shaped basophilic 
heterochromatic nuclei 
Scant and 
homogenously 
distributed 
1 
Single layer of 
occasionally 
hypertrophied 
endothelial cells 
Arranged in a single, 
expanded, and 
heterogeneous 
eosinophilic bundle 
surrounded by a mildly 
expanded layer of 
connective tissue 
admixed with occasional 
VSMC 
Arranged in concentric 
layers with mild loss of 
organization, the degree 
of eosinophilia of 
cytoplasms varies among 
cells and nuclei are more 
oval 
  
Increased and 
loosely arranged 
 
2 
Sparse lining of 
endothelial cells 
with moderate 
variation in shape 
 
IEL haphazardly 
arranged with 
eosinophilic fibers 
proliferating into the 
proximity of the media 
VSMC moderately 
disorganized with loss of 
layer arrangement and 
moderate pleomorphism  
with increased 
eosinophilia 
ECM proliferation 
and disorganization 
is moderate 
3 
Endothelium 
markedly 
disrupted with 
frequent 
hypertrophied 
endothelial cells 
 
IEL and connective tissue 
are broadly expanded and 
proliferating into the 
media 
VSMC are severely 
disorganized, shrunken, 
highly eosinophilic and 
highly pleomorphic.  
ECM severely 
proliferated with 
haphazard collection 
of fibrous 
eosinophilic 
material 
 
 
Figure 2.4.2.1. A mild. B Severe changes. Muscular arteries, horse, H&E
©Gabriela Toro 
A B
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Table 2.3.2.1. Initial H&E Scores for uterine arteries 
Horse Site Score 
A 
1 3 
2 2 
3 3 
4 3 
5 3 
6 3 
B 
1 3 
2 1 
3 2 
4 1 
5 1 
6 2 
C 
1 2 
2 2 
3 1 
4 1 
5 1 
6 1 
D 
1 2 
2 2 
3 3 
4 3 
5 2 
6 2 
E 
1 1 
2 1 
3 0 
4 1 
5 1 
6 1 
F 
1 1 
2 0 
3 1 
4 1 
5 1 
6 1 
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Table 2.3.2.2. Initial H&E scores for endometrial arteries 
Horse Site #arteries Evaluation Overall 
A 
A 18 2,2,2,1,1,2 2 
B 6 2,2 2 
C 20 3,3,2,1,2,1 2 
D 12 3,2,2,2 2 
E 25 2,3,1,2,3,2,2,1 2 
B 
A  23 2,1,1,2,1,1,1 1 
B  6 2,1,3,2,1 2 
C  20 1,2,1,1,1,2,3 2 
D  0   0 
E  5 2,1 2 
C 
A  23 2,1,1,2,1,1,1 1 
B  6 2,1,3,2,1 2 
C  20 1,2,1,1,1,2,3 2 
D  0   0 
E  5 2,1 2 
D 
A  4 1 1 
B  7 2,3 3 
C  0 0 0 
D  6 3,3 3 
E  4 3 3 
E 
A 5 1 1 
B 15 0,0,0,0,1 0 
C 5 1,0 1 
D 9 1,0,1 1 
E 16 0,0,1,1,1 1 
F 
A  12 1,0,0,1 1 
B 10 1,1,0 0 
C 9 1,1,0 0 
D 4 0 0 
E 6 0,0 0 
 
 
Table 2.3.3.1. Scoring system for fibrosis 
Score Intima Media 
0 
 
Basement membrane thin and almost 
indistinct 
SMCs orderly, unidirectional, and compactly 
arranged in layers with intercellular uniform collagen 
distribution 
1 
Basement membrane with mild 
collagen deposition 
 
SMC orderly and unidirectional arranged in layers 
with mild intercellular collagen deposits 
2 
Basement membrane with moderate 
collagen deposition and scattered 
infiltration of SMC 
 
SMCs haphazardly arranged and occasionally 
forming layers. Moderate deposition of collagen with 
opening of intercellular spaces 
3 
Basement membrane with severe 
fibroblast proliferation and multifocal 
to diffuse thickening 
 
SMCs haphazardly arranged with no layer formation. 
Severe deposition of collagen with wide intercellular 
spaces 
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Table 2.3.3.2. Scoring system for elastosis 
S
co
re
 Intima Media 
IEL proliferation 
IEL fragmentation 
rate 
 
Elastic fiber proliferation 
 
0 
Single, dense, and 
organized lamina of elastic 
fibers 
0 - 25% 
SMCs are orderly, unidirectional, and 
compactly arranged in layers with 
intercellular uniform elastic fiber 
distribution 
1 
Double to triple layers of 
packed or slightly 
proliferative elastic fibers 
25 - 50% 
The SMCs are orderly and 
unidirectional arranged in layers with 
mild intercellular elastic fiber 
proliferation 
2 
Multiple, proliferative 
elastic fibers with 
unidirectional orientation 
50 – 75% 
The SMCs are haphazardly arranged 
and occasionally forming layers. 
There is moderate proliferation of 
elastic fibers with evident opening of 
intercellular spaces 
3 
Multiple, proliferative 
elastic fibers with 
haphazard multidirectional 
orientation 
75 – 100% 
The SMCs are haphazardly arranged 
with no layer formation. There is 
severe proliferation of elastic fibers 
with wide open intercellular spaces 
 
 
Table 2.3.3.3. Scoring system for VSMC degeneration and migration 
Score 
Intima Media 
VSMC migration VSMC degeneration 
0 
Random  and occasional  migration of few VSMC 
towards the basement membrane 
SMC orderly, unidirectional, 
and compactly arranged in 
layers 
1 
Mild migration of low numbers of VSMC scattered 
throughout the basement membrane 
SMC arranged in 
unidirectional layers with mild 
areas of separation 
2 
Moderate numbers of VSMC  transmigrating the 
basement membrane towards the lumen 
SMC  haphazardly arranged 
and occasionally forming 
layers 
3 
Frequent migration of moderate numbers of  VSMC 
displacing endothelial cell 
SMCs haphazardly arranged 
with obscured layer 
organization 
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Figure 2.3.3.1 Pathologic changes in endometrial arterioles 
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Figure 2.3.3.2. Pathologic changes in uterine arteries 
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Table 2.4.1. Template for final scores for uterine and endometrial arteries 
 
 
1: evaluador #1, 2: evaluador #2, RI: Intima of right uterine artery, RM: Media of right uterine artery, LI: Intima of left uterine artery, 
LM:Media of left uterine artery, E: Endometrial arteries 
 
Table 2.4.2. Template for final scores for site of rupture 
Position Measurement Fibrosis 1 Fibrosis 2 
Elastosis 
1 
Elastosis 
2 
VSMC 1 VSMC 2 
SI 1 0 0 0 0 0 0 
SM 1 0 0 0 0 0 0 
SI 2 0 0 0 0 0 0 
SM 2 0 0 0 0 0 0 
SI 3 0 0 0 0 0 0 
SM 3 0 0 0 0 0 0 
SI 4 0 0 0 0 0 0 
SM 4 0 0 0 0 0 0 
1: evaluador #1, 2: evaluador #2 SI: Intima ruptured site, SM: Media of ruptured site. 
 
 
Position Measurement 
Fibrosis 
1 
Fibrosis 
2 
Elastosis 
1 
Elastosis 
2 
VSMC 
1 
VSMC 
2 
RI 1 0 0 0 0 0 0 
RM 1 0 0 0 0 0 0 
RI 2 0 0 0 0 0 0 
RM 2 0 0 0 0 0 0 
RI 3 0 0 0 0 0 0 
RM 3 0 0 0 0 0 0 
RI 4 0 0 0 0 0 0 
RM 4 0 0 0 0 0 0 
LI 1 0 0 0 0 0 0 
LM 1 0 0 0 0 0 0 
LI 2 0 0 0 0 0 0 
LM 2 0 0 0 0 0 0 
LI 3 0 0 0 0 0 0 
LM 3 0 0 0 0 0 0 
LI 4 0 0 0 0 0 0 
LM 4 0 0 0 0 0 0 
E 1 0 0 0 0 0 0 
E 2 0 0 0 0 0 0 
E 3 0 0 0 0 0 0 
E 4 0 0 0 0 0 0 
E 5 0 0 0 0 0 0 
E 6 0 0 0 0 0 0 
E 7 0 0 0 0 0 0 
E 8 0 0 0 0 0 0 
E 9 0 0 0 0 0 0 
E 10 0 0 0 0 0 0 
E 11 0 0 0 0 0 0 
E 12 0 0 0 0 0 0 
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Table 2.4.1.1. Means of scores of elastosis per group 
Group 
Endometrial arteries  Uterine arteries  
FREQ Mean FREQ Mean 
A 240 1.18958 320 1.0375 
B 180 1.01111 240 0.84792 
C 72 1.18056 96 1.03646 
B+C 252 1.12 336 0.97 
 
Table 2.4.1.2. GLM procedure for elastosis of non-affected non-pregnant horses 
Group B 
Dependent variable: elastosis uterine arteries mean  
Parameter 
Estimate 
Standard 
Error t Value Pr > |t| 
Intercept 0.362516 0.234823 1.54 0.1509 
Age -0.02512 0.032254 -0.78 0.4526 
# of_foals 0.096573 0.038547 2.51 0.0292 
eela_mean 0.009954 0.17256 0.06 0.955 
eela: elastosis endometrial arteries  
 
Table 2.4.1.3. Means of scores of total pathology per group  
 
Group 
Endometrial arteries Uterine arteries 
FREQ Mean FREQ Mean 
A 240 3.88125 320 2.72813 
B 180 3.44167 240 2.23646 
C 72 3.64583 96 2.69792 
B+C 252 3.5 336 2.368306 
 
Table 2.4.1.4. GLM procedure for total pathology of non-affected non-pregnant 
horses Group B 
Dependent variable: total pathology uterine arteries mean  
Parameter Estimate 
Standard 
Error 
t Value Pr > |t| 
Intercept 0.769463 0.684978 1.12 0.2852 
Age -0.03797 0.081737 -0.46 0.6513 
# of_foals 0.218039 0.11391 1.91 0.082 
etotal_mean 0.17595 0.137667 1.28 0.2275 
etotal: total pathology endometrial arteries mean 
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Table 2.4.1.5. Means of scores of each parameter for media and internal layers of 
uterine arteries per group 
 
Grou
p 
_FREQ_ 
Fibrosis Elastosis VSMC degeneration Total pathology 
interna media interna media interna media interna 
medi
a 
A 160 0.7 1.4 0.9 0.6 0.6 1.3 2.2 3.3 
B 120 0.6 1.1 0.8 0.6 0.5 1.0 1.8 2.6 
C 48 0.8 1.3 0.9 0.8 0.4 1.1 2.2 3.2 
B+C 168 0.65 1.15 0.81 0.63 0.47 1.02 1.93 2.80 
 
Table 2.4.1.6. GLM procedure for fibrosis of uterine arteries for the affected 
groupA 
Dependent variable: fibrosis of intima layer mean   
 
Parameter Estimate 
Standard 
Error 
t Value Pr > |t| 
Intercept 0.9330701 0.36521962 2.55 0.0212 
mfib mean 0.3854553 0.1306391 2.95 0.0094 
Age -0.079152 0.03027262 -2.61 0.0188 
# of foals 0.0619096 0.03368825 1.84 0.0847 
 
mfib: fibrosis of media layer  
 
 
 
Table 2.4.1.7. GLM procedure for VSMC degeneration of uterine arteries for the 
affected group A 
Dependent variable: VSMC degeneration of intima layer mean   
Parameter Estimate 
Standard 
Error 
t Value Pr > |t| 
Intercept 0.028122836 0.60794592 0.05 0.9637 
mvsmc mean 0.445894906 0.21653595 2.06 0.0561 
Age -0.02189563 0.04925268 -0.44 0.6626 
# of foals 0.036519924 0.05443978 0.67 0.5119 
mvsmc: media VSMC degeneration 
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Table 2.4.1.8. GLM procedure for total pathology of uterine arteries for the affected 
group A 
 
Dependent variable: total pathology of intima layer mean   
 
Parameter Estimate 
Standard 
Error 
t Value Pr > |t| 
Intercept 2.038740366 1.21102853 1.68 0.1117 
mtotal mean 0.330475421 0.15853494 2.08 0.0535 
Age 0.117275692 0.09290784 -1.26 0.2249 
# of foals 0.111529325 0.10025822 1.11 0.2824 
mtotal: media total pahology 
 
 
 
 
Table 2.4.1.9. GLM procedure for total pathology of endometrial arteries for the 
affected group A 
 
Dependent variable: elastosis of endometrial arteries mean   
 
Source DF Type III SS Mean Square F Value Pr > F 
Age 1 2.498651 2.498651 9.02 0.0048 
# of foals 1 0.911374 0.911374 3.29 0.078 
Group 2 0.115967 0.057984 0.21 0.8121 
 
 
 
 
Table 2.4.1.10. Means of scores of each parameter for uterine arteries for the 
affected group A 
 
SITE Fibrosis Elastosis 
VSMC 
degeneration 
Total 
pathology 
non-ruptured 1.03 0.76 0.93 2.73 
ruptured 1.07 0.67 0.84 2.59 
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Table 2.4.1.11. GLM procedure for elastosis of the uterine artery of the affected 
group A 
 
Dependent variable: elastosis of ruptured site mean  
 
Parameter Estimate 
Standard 
Error 
t Value Pr > |t| 
Intercept 0.308344 0.468214 0.66 0.5195 
uela mean 0.515824 0.202169 2.55 0.0213 
Age 0.024763 0.036507 0.68 0.5073 
# of foals -0.0503 0.037847 -1.33 0.2024 
 uela: uterine elastosis mean (non-ruptured site) 
 
 
 
 
Table 2.4.1.12. Means of scores of each parameter for uterine arteries at the site of 
rupture for the affected group A 
 
LAYER Fibrosis  Elastosis  VSMC 
degeneration  
Total 
pathology  
Interna 0.775 0.971875 0.4375 2.184375 
Media 1.375 0.36875 1.25 2.99375 
 
 
Table 2.4.1.13. GLM procedure for fibrosis of the uterine artery of the affected 
group A 
 
Dependent variable: fibrosis of the intima layer of uterine artery at ruptured site mean  
 
Parameter 
Estima
te 
Standard 
Error 
t Value Pr > |t| 
Intercept 
0.5181
22 
0.667242 0.78 0.4488 
mrfib mean 
0.3048
03 
0.180007 1.69 0.1098 
Age 
-
0.0102
5 
0.063331 -0.16 0.8735 
# of foals 
0.0007
85 
0.070598 0.01 0.9913 
mrfib: Fibrosis of the media layer of uterine artery at site of rupture 
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Table 2.4.1.14. GLM procedure for elastosis of the uterine artery of the affected 
group A 
 
Dependent variable: elastosis of the intima layer of uterine artery at ruptured site mean  
 
Parameter Estimate Standard 
Error 
t Value Pr > |t| 
Intercept 0.733968 0.27457 2.67 0.0167 
mrela mean 0.271154 0.103368 2.62 0.0185 
Age 0.027554 0.024751 1.11 0.2821 
# of foals -0.0364 0.027105 -1.34 0.198 
mrela: Elastosis of the media layer of uterine artery at site of rupture 
 
 
Table 2.4.1.15. GLM procedure for VSMC degeneration of the uterine artery of the 
affected group A 
 
Dependent variable: VSMC degeneration of the intima layer of uterine artery at ruptured 
site mean 
 
Parameter Estimate Standard 
Error 
t Value Pr > |t| 
Intercept 0.216345 0.442906 0.49 0.6318 
mrvsmc mean 0.32779 0.164392 1.99 0.0635 
Age -0.03708 0.039691 -0.93 0.3641 
# of foals 0.048645 0.044133 1.1 0.2867 
mrvsmc: VSMC degeneration of the media layer of uterine artery at site of rupture 
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Table 2.4.1.16. GLM procedure for total pathology of the uterine artery of the 
affected group A 
 
Dependent variable: Total pathology of the intima layer of uterine artery at ruptured site 
mean  
 
Parameter Estimate Standard 
Error 
t Value Pr > |t| 
Intercept 1.269745 1.165817 1.09 0.2922 
mrtotal mean 0.355223 0.144954 2.45 0.0261 
Age -0.01786 0.103907 -0.17 0.8657 
# of foals 0.016762 0.115913 0.14 0.8868 
mrtotal: Total pathology of the media layer of uterine artery at site of rupture 
 
 
Table 2.4.2.1. Age and number of foals in groups and in the total population 
Group 
Age (years) Number of foals 
Range Mean Range Mean 
A 9 – 23 17 1 - 15 9 
B 7 – 24 13 3 - 12 6 
C 5 – 13 11 5 - 12 4 
B+C 5 – 23 12 3 - 12 6 
Total 5 – 23 14 1 - 15 7 
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Appendix A 
 
Masson's Trichrome Stain Protocol 
(Stain Kit Code AR173) 
 
 
The Masson's Trichrome Stain Kit is intended for laboratory use to identify, by light 
microscopy, connective tissue and muscle in tissue samples. Routinely processed samples 
(paraffin-embedded) may be used.  
 
Summary and explanation: The Masson's Trichrome Stain Kit is used to identify muscle, 
collagen fibers, fibrin and erythrocytes in tissue sections. Masson's Trichrome is often used 
to demonstrate increased collagen deposition that is associated with replacement of 
functional tissue by scar tissue. Collagen fibers and fibrin do not stain with Hematoxylin 
and Eosin staining.  
 
Solutions: 
 
 Bouin's Solution:  0.9% Picric Acid, 23.8% Formaldehyde and 4.8% Acetic Acid in 
deionized water 
 Weigert’s Hematoxylin A: 1% Hematoxylin, 90.25% Ethyl alcohol and 4.8% Acetic 
Acid in deionized water 
 Weigert’s Hematoxylin B: 1.16% Ferric Chloride and 1% Hydrochloric Acid in 
deionized water 
 Biebrich Scarlet Acid: Fuchsi 0.1% Acid Fuchsin, 0.9% Biebrich Scarlet and 1% 
Acetic Acid in deionized water containing 1% Triton X- 100 
 Phosphotungstic Phosphomolybdic Acid:  2.5 % Phosphotungstic and 2.5 % 
 Phosphomolybdic Acid in deionized water 
 
Procedure: 
 
1. The instrument aspirates the Wash Solution from the slide.  
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2. The instrument applies Bouin's Solution. This step takes 12 minutes at 50°C. Wash 
Solution is added to the solution and is followed by two Wash Solution rinses. 
3. The instrument applies Wash Solution. This step takes 6 minutes at 42°C, and is 
followed by two Wash Solution rinses 
4. The instrument applies Wash Solution. This step takes 6 minutes at 42°C, and is 
followed by two Wash Solution rinses 
5. The instrument applies Weigert's Iron Hematoxylin A and Weigert's Iron Hematoxylin 
B. This step takes 6 minutes at room temperature, and is followed by three Wash 
Solution rinses 
6. The instrument applies Wash Solution. This step takes 6 minutes at room temperature, 
and is followed by two Wash Solution rinses 
7. The instrument applies Biebrich Scarlet Acid Fuchsin and Wash Solution. This step 
takes approximately 5 minutes at room temperature, and is followed by five Wash 
solution rinses 
8. The instrument applies Phosphotungstic Phosphomolybdic Acid. This step takes 12112 
minutes at 40°C, and is then aspirated 
9. The instrument applies Aniline Blue and Wash Solution. This step takes 14 minutes at 
35°C, and is followed by three Wash Solution rinses 
10. The instrument applies Acetic Acid 1%. This step takes approximately 2112 minutes, 
and is followed by five Wash solution rinses 
11. After staining is completed, slides are dipped quickly into 100% alcohol, cleared with 
three changes of xylene or xylene substitute and cover slipped 
 
Staining interpretation: 
 
Muscle fibers: ..................... Red 
Fibrin: ................................. Pink 
Collagen: ............................ Blue 
Nuclei: ................................ Blue or black 
Erythrocytes: ...................... Red  
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Appendix B 
 
 
Verhoeff’s Van Gieson Staining Protocol 
 
Fixation:  Formalin  
Technique: 5 microns  
 
Solutions: 
• 10% aqueous Ferric Chloride 
• Iodine solution 
• Iodine 2gm 
• Potassium iodide 4gm 
• Dist. Water 100ml 
• 2% aqueous Ferric Chloride 100ml  
• 5% Sodium Thiosulfate solution 
• Van Gieson solution Elastic Stain: Dissolve 1 gm of hematoxylin in 22ml of absolute 
alcohol in an open dish on a hot plate. Cool, filter and add 8 ml of 10% Ferric Chloride 
and 8 ml of the Iodine solution. 
 
Staining Procedure: 
1. Hydrate to dist. water 
2. Elastic stain for 15 minutes 
3. Wash in dist. water 
4. Differentiate in 2% Ferric chloride-only a few minutes. Check under scope. Nuclei 
should not be brown 
5. 5% Sodium thiosulfate for 1 minute 
6. Wash in tap water for 5 minutes 
7. Counterstain in Van Gieson for 1 minute (this will decolorize) 
8. Differentiate in 95% alcohol 
9. Dehydrate and coverslip 
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Results: 
Elastic fibers: blue black to black  
Nuclei: blue to black  
Collagen:  red 
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Appendix C 
Smooth muscle- Actin Immunohistochemical Marker 
 
Actin, Muscle Specific Ab-4 (Clone HHF35)  
Mouse Monoclonal Antibody 
Cat. #MS-742-S0, -S1, or -S (0.1ml, 0.5ml, or 1.0ml Supernatant)   
Cat. #MS-742-R7 (7.0ml) (Ready-to-Use for Immunohistochemical Staining) 
Cat. #MS-742-PCS (5 Slides) (Positive Control for Histology)                                                                     
 
Comments:   
Ab-4 reacts with actin from tissue extracts of uterus, ileum, aorta, diaphragm, heart, and 
smooth muscle cells.  It recognizes the alpha actin from skeletal, cardiac, and smooth 
muscle and the gamma actin from smooth muscle sources.  It stains tumors of smooth 
muscle (leiomyomas and leiomyosarcomas) as well as skeletal muscle (rhabdomyomas and 
rhabdomyosarcomas).   
Epitope: Not determined   
Species Reactivity:  Human, Rabbit, and Rat.  Others: not-known.  
Clone Designation:  HHF35 Ig 
Isotype / Light Chain:  IgG1 / κ 
Immunogen:  SDS extract of human myocardium.  
Positive Control:  Muscle   
Cellular Localization:  Cytoplasmic   
Supplied As: 
Tissue culture supernatant with 0.09% sodium azide, or Prediluted antibody which is 
ready-to-use for staining of formalin-fixed, paraffin-embedded tissues. 
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